We present a phenomenological study of τ -sleptonsτ1,2 and τ -sneutrinosντ in the Minimal Supersymmetric Standard Model with complex parameters Aτ , µ and M1. We analyse production and decays of theτ1,2 andντ at a future e + e − collider. We present numerical predictions for the important decay rates, paying particular attention to their dependence on the complex parameters. The branching ratios of the fermionic decays ofτ1 andντ show a significant phase dependence for tan β < ∼ 10. For tan β > ∼ 10 the branching ratios for theτ2 decays into Higgs bosons depend very sensitively on the phases. We show how information on the phase ϕA τ and the other fundamentalτi parameters can be obtained from measurements of theτi masses, polarized cross sections and bosonic and fermionic decay branching ratios, for small and large tan β values. We estimate the expected errors of these parameters. Given favorable conditions, the error of Aτ is about 10% to 20%, while the errors of the remaining stau parameters are in the range of approximately 1% to 3%. We also show that the induced electric dipole moment of the τ -lepton is well below the current experimental limit.
Introduction
So far most phenomenological studies on supersymmetric (SUSY) particle searches have been performed within the Minimal Supersymmetric Standard Model (MSSM) with real SUSY parameters. In this paper we study the production and decays of τ -sleptons and τ -sneutrinos at an e + e − linear collider in the MSSM with complex SUSY parameters.
In the SUSY extension of the Standard Model (SM) one introduces scalar leptonsl L ,l R , scalar neutrinosν ℓ and scalar quarksq L ,q R as the SUSY partners of the leptons ℓ L,R , neutrinos ν ℓ and quarks q L,R , respectively [1] . For each definite fermion flavor the statesf L andf R are mixed by Yukawa terms. The mass eigenstates aref 1 andf 2 , with mf 1 < mf 2 [2] . For the sfermions of the first and second generationf L −f R mixing can be neglected. For the third generation sfermions, however,f L −f R mixing has to be taken into account due to the larger Yukawa coupling [3, 4] .
In the case of the τ -sleptonsτ L −τ R mixing is important if the SUSY parameter tan β is large, tan β > ∼ 20. The lower mass eigenvalue mτ 1 can be rather small and theτ 1 could be the lightest charged SUSY particle. The experimental search for the τ -sleptons and the τ -sneutrino and the determination of their parameters is, therefore, an important issue at all present and future colliders. Pair production of τ -sleptons and τ -sneutrinos will be particularly interesting at an e + e − linear collider with centre of mass energy √ s = 0.5 − 1.2 TeV. At such a collider and with an integrated luminosity of about 500 fb −1 it will be possible to measure masses, cross sections and decay branching ratios with high precision [5, 6] . This will allow us to obtain information on the fundamental soft SUSY breaking parameters of the third generation slepton system.
In the recent phenomenological study of 3rd generation sfermions in the real MSSM it has been shown how the masses and the mixing angle of the stop system can be determined by measurements of the production cross sections with polarized beams [7] . The results of a simulation of e + e − →t 1t1 with the decay modest 1 →χ 0 1 c andt 1 →χ + 1 b and including full SM background in [8] imply that with an integrated luminosity of 500 fb −1 an accuracy of the order of 1% or better may be obtained. The numerical precision to be expected for the determination of the underlying SUSY parameters MQ, MŨ and (real) A t has also been given. For low tan β one can expect similar results for the sbottom and stau systems [5, 6, 7] .
The assumption of real SUSY parameters has partly been justified by the very small experimental upper limits on the electric dipole moments (EDM) of electron and neutron. A possibility to avoid the EDM constraints is to assume that the masses of the first and second generation sfermions are large (above the TeV scale), while the masses of the third generation sfermions are small (below 1 TeV) [9] . Another possibility is suggested by recent analyses of the EDMs, which have shown that strong cancellations between the different SUSY contributions to the EDMs can occur [10] . As a consequence of these cancellations it has turned out that the complex phase of the Higgs-higgsino mass parameter µ is much less restricted than previously assumed, whereas the complex phases of the soft-breaking trilinear scalar coupling parameters A f are practically unconstrained [11, 12] . For example, in a mSUGRAtype model with universal parameters M 1/2 , M 0 , tan β and complex A 0 , with |µ| 2 being determined by radiative electroweak symmetry breaking, the phase of µ is constrained to |ϕ µ | < ∼ 0.1 − 0.2 for low values of the scalar mass parameter, M 0 < ∼ 400 GeV, and becomes less constrained for higher values of M 0 . The phase of A 0 , ϕ A0 , turns out to be correlated with ϕ µ , but otherwise not restricted [12, 13] . In models with more general parameter specifications also ϕ µ turns out to be less constrained [14] . In any case, this means that in a complete phenomenological analysis of production and decays of third generation sfermions one has to take into account that the SUSY parameters µ and A f may be complex and one has to study the implications that follow for the important observables.
In our present phenomenological study of 3rd generation sleptons we use the MSSM as general framework and we assume that the parameters µ, A τ and M 1 are complex (A τ is the trilinear scalar coupling parameter of theτ i -system and M 1 is the U (1) gaugino mass parameter). We neglect flavor changing CP violating phases and assume that the scalar mass matrices and trilinear scalar coupling parameters are flavor diagonal. We perform an analysis of production and decay rates ofτ 1 ,τ 2 andν τ at an e + e − linear collider with a CMS energy √ s = 0.5 − 1.2 TeV. We include also explicit CP violation in the Higgs sector induced by stop and sbottom loops with complex parameters as in [15, 16] and [17] , using the loop-corrected formulae of [15] . Our present study is an extension of the corresponding one in the MSSM with real parameters in [7] . Compared to the real MSSM, the inclusion of the complex phases ϕ Aτ , ϕ µ and ϕ U(1) of A τ , µ and M 1 means that the number of independent fundamental SUSY parameters is increased. In order to determine all these parameters one has to measure more independent observables than in the real case.
In principle, the imaginary parts of the complex parameters involved could most directly and unambiguously be determined by measuring suitable CP violating observables. However, in theτ i -system this is not straightforward, because theτ i are spinless and their main decay modes are two-body decays. A possible method has been proposed in [18] , which is applicable if the mass splitting between the mass eigenstatesτ 1 andτ 2 is very small. If mτ 1 − mτ 2 is of the order of the decay widths,τ 1 −τ 2 oscillations will occur which can lead to large CP violating asymmetries in e + e − annihilation. In Ref. [19] an analysis of µ + µ − →τ iτj with longitudinally and transversely polarized beams has been given and the observables sensitive to CP violation in theτ i sector and Higgs sector have been classified.
On the other hand, also the CP conserving observables depend on the phases of the underlying complex parameters, because the mass eigenvalues and the couplings involved are functions of these parameters. In particular, the various decay branching ratios depend in a characteristic way on the complex phases. The main purpose of the present paper is a detailed study of the fermionic decay branching ratios of τ 1 ,τ 2 andν τ , and the bosonic decay branching ratios ofτ 2 andν τ and their dependences on the phases ϕ Aτ , ϕ µ and ϕ U (1) . In [20] we have published first results of our study. In the present paper we give the analytic expressions for the various decay widths with complex couplings. We present a more detailed numerical study of the phase dependences of the various branching ratios. We also discuss how these phase dependences can be qualitatively understood on the basis of the analytic expressions for the decay widths. Furthermore, we give a theoretical estimate of the precision to be expected for the determination of the complex phases together with the other fundamental parameters of theτ i -system by measurements of suitable decay branching ratios as well as masses and polarized production cross sections in e + e − annihilation. Finally, we calculate the EDM of the τ -lepton induced by the τ -slepton-neutralino and τ -sneutrino-chargino loops with complex A τ , µ and M 1 .
In Section 2 we shortly review the mixing of 3rd generation sleptons in the presence of complex parameters. In Section 3 we give the formulae for the fermionic and bosonic decay widths ofτ i andν τ . In Section 4 we present numerical results for the phase dependences of their branching ratios. In Section 5 we give an estimate of the errors to be expected for the fundamental parameters and the phases of A τ , µ and M 1 . In Section 6 we present our results for the EDM of the τ . Section 7 contains a short summary.
We first give a short account ofτ L −τ R mixing in the case the parameters µ and A τ are complex. The masses and couplings of the τ -sleptons follow from the hermitian 2 × 2 mass matrix which in the basis (τ L ,τ R ) reads [2, 21] 
with
The mass eigenvalues are
Theν τ appears only in the left-state. Its mass is given by
Eqs. (7) and (8) show that the phase dependence of the mixing angle θτ and the eigenvalues mτ 1,2 stems from the term m 2 τ |A τ ||µ| tan β cos(ϕ µ + ϕ Aτ ). The phase dependence of θτ is strongest if |A τ | ≈ |µ| tan β and at the same time |M
The masses mτ 1,2 are in many cases insensitive to the phases ϕ µ and ϕ Aτ because m τ is small.
Production and Decay Formulae ofτ i andν τ
The reaction e + e − →τ iτj proceeds via γ and Z exchange in the s-channel. The Zτ iτj couplings are
The reaction e + e − →ν τντ proceeds via s-channel Z exchange with the coupling
The cross section of e + e − →ν τντ at tree level does not depend on the phases ϕ µ and ϕ Aτ . The treelevel cross sections of the reactions e + e − →τ iτj do not explicitly depend on the phases ϕ µ and ϕ Aτ , because the couplings C(τ * i Zτ i ), i = 1, 2, are real and in e + e − →τ 1τ2 only Z exchange contributes. The cross sections depend only on the mass eigenvalues mτ 1,2 and on the mixing angle θτ . Therefore, they depend only implicitly on the phases via the cos(ϕ µ + ϕ Aτ ) dependence of mτ 1,2 and θτ , Eqs. (7) and (8) . This holds even if one or both beams are polarized (the formulae of the cross sections including beam polarizations are given, e. g., in [22] ). Of course, properly polarized e − and e + beams are a very useful tool to enhance some signals and reduce the background and, therefore, measure some of the observables with better precision [7, 23] . Information about the phases ϕ µ and ϕ Aτ separately can be obtained by studying the branching ratios of theτ i andν τ decays into neutralinos, charginos and Higgs bosons, because some of them depend explicitly on the phases. It is expected that Yukawa-type corrections at one-loop order to theτ i andν τ pair production cross sections and decay widths will not change the overall picture obtained in tree approximation, because they have been shown to be of the order of a few percent only [24] .
Fermionic Decay Widths ofτ i andν τ
The widths for the decaysτ i →χ 0 j τ (λ τ ), i = 1, 2, j = 1, . . . , 4, whereχ 0 j is the neutralino and λ τ = ± 1 2 is the helicity of the outgoing τ , read
where g is the weak SU (2) gauge coupling constant, κ(x, y, z) = (
The couplings are
where
with 
The width for the decay into the chargino,τ i →χ (12) and (13), with the couplings ℓτ ij also given in Eqs. (14) and (15) . The width for the τ -sneutrino decayν τ →χ 0 j ν τ is obtained by the replacements aτ ij → aν j , bτ ij → 0, mτ i → mν τ , m τ → 0 and λ τ → − 1 2 in Eqs. (12) and (13), and that for the decayν τ →χ + j τ (λ τ ) by the replacements aτ ij → ℓν j , bτ ij → kν j , mτ i → mν τ and mχ0 
with the mixing matrix V given by Eq. (42) in Appendix A.
As can be seen, the widths for the decays ofτ 1 andτ 2 into charginos and neutralinos depend on cos(ϕ µ + ϕ Aτ ) through mτ i and θτ , and also on ϕτ , Eq. (5). They depend also on ϕ µ (ϕ µ and ϕ U(1) ) via the chargino (neutralino) masses mχ− 
Bosonic Decay Widths ofτ 2 andν τ
The widths for the decays ofτ 2 andν τ into gauge bosons and Higgs bosons are given by:
The couplings relevant forτ 2 decays into the Z boson are given in Eq. (10) and the couplings to the W + boson are
The couplings to the Higgs bosons are more conveniently written in the weak basis (τ L ,τ R ). The couplings to the charged Higgs boson H + are given by
The couplings C(ν * τ H +τ 1,2 ) of the mass eigenstatesτ i are then obtained by multiplying the couplings above with Rτ † from the right.
The couplings to the neutral Higgs bosons
The couplings of the mass eigenstatesτ i are obtained by
O ij is the real orthogonal mixing matrix in the neutral Higgs sector in the basis ( [15] . The neutral Higgs mass eigenstates H i , i = 1, 2, 3, are mixtures of the CP -even and CP -odd states, because of the explicit CP violation in the Higgs sector. The phase parameter ξ also introduced in [15, 16, 17] does not play a role in our analysis. Therefore we put ξ = 0.
The widths forτ 2 decays into the neutral Higgs bosons depend on ϕ µ , ϕ Aτ and ϕτ and in addition on the mixing matrix O ij . At one-loop level O ij depends on the phases ϕ µ , ϕ At and ϕ A b , with the latter two being the phases of the stop and the sbottom trilinear couplings A t and A b , respectively.
Numerical Results
In the following we present our numerical results showing how theτ 1 ,τ 2 andν τ decay branching ratios depend on the complex phases. In order to study the full phase dependences of the observables, we do not take into account the restrictions on ϕ µ and ϕ U(1) from the electron and neutron EDMs. We fix thẽ τ 1 ,τ 2 andν τ masses such that these particles can be pair produced at an e + e − linear collider with a CMS energy in the range √ s = 0.5 − 1.2 TeV. Furthermore, we impose the following conditions:
> 50 GeV, mτ 1 > 80 GeV, and
Z ) (the approximate necessary condition for tree-level vacuum stability [26] ).
In principle, the experimental data for the rare decay b → sγ lead to strong constraints on the SUSY and Higgs parameters in the MSSM and, in particular, in the minimal Supergravity Model (mSUGRA). We do not impose this constraint, because it strongly depends on the detailed properties of the squarks, in particular on the mixing between the squark families, which we do not take into account.
The following parameters are necessary to specify the masses and couplings of the SUSY particles
. Equivalently we use the mass eigenvalues mτ 1 , mτ 2 or the masses mτ 1 , mν τ as input parameters instead of ML, MẼ. For the complete determination of the renormalization group (RG) improved MSSM Higgs sector at one-loop level in addition the charged Higgs boson mass m H ± , the mass parameters and the trilinear couplings of the scalar top and scalar bottom systems MQ, MŨ , MD, |A t |, ϕ At , |A b |, ϕ A b and the gluino mass |mg| as well as its phase ϕg = arg(mg) have to be specified [15] . Mixing of the CP -even and CP -odd neutral Higgs bosons at one-loop level is induced if A b,t and/or µ are complex. We take m τ = 1.78 GeV, 
4.1τ 1 Decays
In this subsection we study the dependence of the branching ratios ofτ 1 decays into charginos and neutralinos on the phases ϕ Aτ , ϕ µ and ϕ U(1) . We take mτ 1 = 240 GeV. In order not to vary too many parameters we fix |A τ | = 1000 GeV in Figs. 1 to 7. We assume the GUT relation |M 1 | = (5/3) tan 2 Θ W M 2 , although we take M 1 complex. We focus on the decaysτ 1 →χ
We first study the ϕ Aτ dependence of theτ 1 decay branching ratios, because ϕ Aτ appears only in theτ i sector and it is the phase dependence that we are particularly interested in. In Fig. 1 we plot the branching ratio B(τ 1 →χ 0 1 τ ) as a function of ϕ Aτ for the three values mν τ = 233 GeV, 238 GeV and 243 GeV (corresponding to ML = 240 GeV, 245 GeV and 250 GeV), taking ϕ µ = ϕ U(1) = 0, |µ| = 300 GeV, tan β = 3, and M 2 = 200 GeV. Note that B(τ 1 →χ 0 1 τ ) is invariant under ϕ Aτ → −ϕ Aτ for ϕ µ = {0, ±π} and ϕ U(1) = {0, ±π}. As can be seen, the ϕ Aτ dependence of B(τ 1 →χ 0 1 τ ) is quite pronounced. To a large extend it is caused by a relatively strong variation of the mixing angle θτ with varying ϕ Aτ . More specifically, when varying ϕ Aτ from 0 to π, then cos θτ varies from −0.1 to −0.9 for mν τ = 233 GeV, from −0.06 to −0.6 for mν τ = 238 GeV and from −0.05 to −0.45 for mν τ = 243 GeV. This means that for mν τ = 238 GeV and 243 GeVτ 1 is mainlyτ R -like, whereas for
. Such a strong variation of the mixing angle θτ with ϕ Aτ can only occur if ML ≈ MẼ and |A τ | ≈ |µ| tan β, otherwise this variation is weaker.
In the following Figs. 2 to 5 we fix mτ 2 = 500 GeV instead of mν τ . We consider separately the two cases ML < MẼ and ML ≥ MẼ and determine the values of ML and MẼ correspondingly. In Fig. 2 we show the tan β dependence of B(τ 1 →χ
GeV, |µ| = 150 GeV, assuming ML < MẼ. For ϕ Aτ = {0, ±π} the branching ratios are invariant under the simultaneous sign flip (ϕ µ , ϕ U(1) ) → (−ϕ µ , −ϕ U(1) ). As can be seen, B(τ 1 →χ 
2 we obtain from Eqs. (6), (14) , (15) and (41)
By inspecting Eqs. (5) and (45) one can verify that in the limit tan β → ∞ we obtain e −iϕτ → −e iϕµ and e iφ1 → e iϕµ , which means that in this limit |ℓτ 11 | becomes independent of ϕ µ . Here note that in this limit θτ and θ 1 become independent of ϕ µ as can be seen from Eqs. (4), (7), (8) and (43). In the case of the decay into a neutralino we can see the influence of the phases ϕ µ and ϕ U(1) from the approximate formulae
and
which hold for |M 2 ± |µ|| ≫ m Z for the mass of a gaugino-like or a higgsino-like χ 0 1 , respectively. Similar approximation formulae hold for mχ0 2 and the mixing matrix N ij . From these formulae one can see that ϕ µ and ϕ U(1) appear only in terms multiplied by sin 2β. Therefore, in the approximation where Eqs. (32) and (33) hold, mχ0 1, 2 and N ij become independent of ϕ µ and ϕ U(1) for large tan β. Concerning the ϕ µ dependence in general, it can be shown that mχ0 i and N ij become independent of ϕ µ for tan β → ∞, because the characteristic equation of the neutralino mass eigenvalues becomes independent of ϕ µ in this limit.
In Figs. 3 a, b we plot the branching ratio B(τ 1 →χ 0 1 τ ) against M 2 in the range 200 GeV ≤ M 2 ≤ 500 GeV for ϕ µ = π (solid line), ϕ µ = π/2 (dashed line), ϕ µ = 0 (dotted line) and ϕ µ = −π/2 (dashdotted line), taking ϕ Aτ = 0, ϕ U(1) = π/2, |µ| = 150 GeV and tan β = 3. In Fig. 3 a we assume ML < MẼ, so thatτ 1 ≃τ L (cos θτ ≈ −1). This means that the couplings are approximately |aτ 1j | ≃ |f Fig. 2 it is stronger for low tan β.
In Figs. 4 a, b we show the ϕ U(1) dependence of B(τ 1 →χ 0 1 τ ) for |µ| = 150 GeV, tan β = 3 and ϕ Aτ = 0, for ϕ µ = π (solid line), ϕ µ = π/2 (dashed line), ϕ µ = 0 (dotted line) and ϕ µ = −π/2 (dash-dotted line). In Fig. 4 a we take ML < MẼ and M 2 = 280 GeV. 
2 , the ϕ µ dependence of |U 11 | follows from
where θ 1 is the mixing angle of the chargino mixing matrix U ij defined in Eq. It is expected that ϕ µ and ϕ U(1) will be determined by measuring suitable observables of the chargino and neutralino sectors [27] . The ϕ µ and ϕ U(1) dependences of the variousτ 1 decay branching ratios, however, will give useful additional information for the precise determination of ϕ µ and ϕ U(1) and thereby provide further tests of the MSSM with complex parameters. This may also be helpful for resolving the ambiguities encountered in the studies about the parameter determination of the chargino and neutralino sectors [27] .
An additional observable which is very sensitive to the SUSY parameters of theτ i andχ 0 k systems is the longitudinal polarization of the outgoing τ -lepton in the decaysτ i →χ 0 j τ [25] . For theτ 1 decays into neutralinos it is defined as
where the last equation holds in the limit m τ → 0. R, L denote λ τ = + Fig. 6 a follows from the change of the mixing angle θτ with varying ϕ Aτ , as described in the discussion of Fig. 1 . The behaviour of P τ (χ 0 2 τ ) in Fig. 6 (6) and (7).
In Fig. 7 we show the longitudinal τ polarization in the decaysτ 1 
4.2τ 2 Decays
As we have seen in the previous subsection, the branching ratios for the fermionicτ 1 decays depend on the phase ϕ Aτ only via the cos(ϕ Aτ + ϕ µ ) dependence of the mass mτ 1 and the mixing angle θτ . We consider now the bosonicτ 2 decays where the couplings to the Higgs bosons explicitely depend on the phases ϕ Aτ and ϕ µ (see Eqs. (25) to (30)). The decay widths into W ± , Z and Higgs bosons are enhanced by choosing |µ| and/or |A τ | large [28] .
As already mentioned, the RG improved Higgs sector is determined by the parameters m H ± , tan β, |µ|, |A t |, |A b |, ϕ µ , ϕ At , ϕ A b , MQ, MŨ , MD, |mg|, ϕg, |M 1 |, ϕ U(1) and M 2 [15] . We fix MQ = MŨ = MD = M SUSY . The amount of the CP violating scalar-pseudoscalar transition in the neutral Higgs mass matrix is proportional to the parameter
where f = t, b [15, 16] . This means that significant CP violating effects in the Higgs sector can be expected if |µ|, |A f | > M SUSY and | sin(ϕ µ + ϕ A f )| ≈ 1. As we focus on the ϕ Aτ and the ϕ µ dependence of the observables, we fix the phases ϕ At = ϕg = 0, ϕ A b = π and we take |A t | = |A b | = 800 GeV,
, n f being the number of quark flavors). For this choice of parameters mixing between the CP-even and CP-odd Higgs bosons at one loop level occurs only if ϕ µ = {0, ±π}. Therefore, we can control the influence of explicit CP violation in the Higgs sector with the parameter ϕ µ . With this choice of parameters the constraint from the ρ-parameter on thet andb masses and mixings, δρ(t −b) < 0.0012, is always fulfilled [29] .
For large tan β the allowed range of |µ| is restricted by the two-loop contributions to the EDMs of electron and neutron [30] . For example, for tan β = 40, ϕ µ = π/2, m H ± < ∼ 200 GeV and the other parameters as fixed above the EDMs give the restriction |µ| < ∼ 600 GeV. Therefore, we also fix |µ| = 600 GeV.
In the following we give some numerical examples which show the dependence of the branching ratios forτ 2 →τ 1 H i , i = 1, 2, 3, on ϕ Aτ , tan β and m H ± . We take |A τ | = 900 GeV, M 2 = 450 GeV and ϕ U(1) = 0. We consider the case ML > MẼ, whereτ 2 is mainlyτ L -like andτ 1 is mainlyτ R -like. In this case the decaysτ 2 → W −ν τ andτ 2 → H −ν τ are kinematically forbidden.
In Figs. 8 a, b we show the branching ratios for various fermionic and bosonicτ 2 decays as a function of ϕ Aτ for ϕ µ = 0 and π/2, taking tan β = 30, m H ± = 160 GeV, mτ 1 = 240 GeV, mτ 2 = 500 GeV and the other parameters as specified above. As can be seen, the branching ratios of the decaysτ 2 → H 1,2,3τ1 show a pronounced (ϕ Aτ ,ϕ µ ) dependence. The behaviour of these branching ratios can be understood by examining the approximate formula for the coupling squared forτ 2 →τ 1 H i ,
which follows from Eq. (28) and (30) . Here we have omitted terms proportional to (C(τ * L H iτL ) − C(τ * R H iτR )) and cos β. Eqs. (37) and (38) show that a significant phase dependence of theτ 2 →τ 1 H i branching ratios can be expected for large tan β. Moreover, also the ϕ µ dependence of the Higgs mixing matrix elements O ij influences in a significant way the behaviour of B(τ 2 →τ 1 H i ). (Fig. 8 a) follows from a partial cancellation of the terms in Eq. (38) (or, equivalently, from a partial cancellation of the last two terms of Eq. (28), see also Fig. 9 below) . The cos(ϕ Aτ + ϕ µ ) term and the first two terms of Eq. (38) determine also the ϕ Aτ behaviour of B(τ 2 → H 3τ1 ). The ϕ Aτ dependence of B(τ 2 → H 2τ1 ) follows from the last factor of Eq. (37) and the first term of Eq. (28). As for Fig. 8 Fig. 8 a. In the case of B(τ 2 → H 1τ1 ) the cos(ϕ Aτ + ϕ µ ) term becomes − sin ϕ Aτ and it is multiplied by a much smaller factor, which explains the relatively flat ϕ Aτ dependence. The behaviour of B(τ 2 → H 2τ1 ) and B(τ 2 → H 3τ1 ) can be explained in an analogous way. For comparison we also plotted the branching ratios ofτ 2 → Zτ 1 and of some of the decays into charginos and neutralinos. The ϕ Aτ dependence ofτ 2 → Zτ 1 essentially drops out (see Eq. (10)) and that of the fermionic decays disappears due to the large value of tan β for which θτ is insensitive to ϕ Aτ .
We also studied the tan β dependence and the m H ± dependence of theτ 2 decay branching ratios into neutral Higgs particles. For tan β → 0 these branching ratios vanish (∝ tan β), whereas for tan β > 10 they depend only weakly on tan β. The m H ± dependence of the branching ratio B(τ 2 → H 1τ1 ) is shown in Fig. 9 for ϕ Aτ = 0, π/2, π. At m H ± = 150 GeV and ϕ Aτ = 0 this branching ratio practically vanishes. The reason is that the coupling C(τ * L H 1τR ) practically vanishes for this set of parameters due to a cancellation of the last two terms in Eq. (28) . At this point also a level crossing of H 1 and H 2 occurs. We see that this branching ratio is sensitive to ϕ Aτ for m H ± < ∼ 250 GeV.
4.3ν τ Decays
The decay widths forν τ decays into charginos and neutralinos are independent of ϕ Aτ . The decay widths forν τ →χ + k τ depend on ϕ µ , those forν τ →χ 0 k ν τ depend also on ϕ U(1) . We first assume ML < MẼ, which leads to a sneutrino mass mν τ ≃ 229 GeV for mτ 1 = 240 GeV, mτ 2 = 500 GeV and tan β = 3. In this case the decaysν τ → W , respectively, for M 2 = 500 GeV, |µ| = 150 GeV, tan β = 3, and |A τ | = 1000 GeV. In Fig. 10 a we take ϕ U(1) = 0 and in Fig. 10 b we take ϕ µ = 0. As can be seen, the branching ratio forν τ →χ (24)) and is again weak by the same reasoning as above.
Parameter Determination
We now study the extent to which one can extract the underlying parameters from measured masses, branching ratios and cross sections. In the following we assume that an integrated luminosity of 2 ab −1 is available. At a high luminosity collider like TESLA one can expect that this amount of integrated luminosity will be accumulated in four years of running [6] . Our strategy is as follows:
1. Take a specific set of values of the MSSM parameters.
2. Calculate the masses ofτ i ,χ 0 j ,χ ± k , the production cross sections for e + e − →τ iτ j and branching ratios of theτ i decays.
3. Regard these calculated values as real experimental data with definite errors.
4. Determine the underlying MSSM parameters and their errors from the "experimental data" by a fit.
We have checked that inclusion of the data on the mass, production and decays ofν τ does not further improve the accuracy of the underlying parameters to be determined. The reason is that the expected relative errors of the data in the sneutrino sector are larger than those in the stau sector [31, 32] . Here we focus on the determination of the phase ϕ Aτ of A τ , therefore, we neglect mixing of the CP -even and CP -odd Higgs states. We have taken the relative errors of stau masses, chargino and neutralino masses from [6, 33] , which we rescale according to our scenario; in case of tan β = 30 we have taken into account an additional factor of 3 for the errors (relatively to tan β = 3) due to the reduced efficiency in case of multi τ final states as indicated by the studies in [34] . We take the errors of the Higgs mass parameters as ∆m h 0 = 50 MeV, ∆m H 0 = ∆m A 0 = ∆m H + = 1.5 GeV [6] for tan β = 3 and 30. For the branching ratios and the production cross sections we have taken the statistical errors only. We give the values of the calculated masses and assumed errors in Table 1 and those of the calculated branching ratios ofτ 2 decays in Table 2 .τ 1 decays only into τχ For the determination of the stau parameters we have used the information obtained from the measurement of the stau masses at threshold and the production cross sections ofτ iτj pairs at √ s = 800 GeV for two different (e − , e + ) beam polarizations (P − , P + ) = (0.8, −0.6) and (P − , P + ) = (−0.8, 0.6). Here we have assumed that a total effective luminosity of 250 fb −1 is avaible for each choice of polarization. The cross section measurements are important for the determination of | cos θτ | 2 as can be seen from Eq. (10) and the formulae for the cross sections in [7] . In addition we have used the information from all branching ratios in Table 2 (with corresponding statistical errors). These branching ratios together with the masses and cross sections form an over-constraining system of observables for the parameters ML, MẼ, ℜeA τ , ℑmA τ , ℜeµ, ℑmµ, tan β, ℜeM 1 , ℑmM 1 , M 2 . We have determined these parameters and their errors from the "experimental data" on these observables by a least-square fit. The results obtained are shown in Table 3 . As one can see, all parameters can be determined rather precisely. tan β can be determined with an accuracy of about 2% in the case of tan β = 30 and about 1% in the case of tan β = 3. The relative error of the remaining parameters except A τ is about 1%. For A τ we obtain the errors ∆ℑmA τ /|A τ | ≈ 9%, ∆ℜeA τ /|A τ | ≈ 22% in the case tan β = 3, and ∆ℑmA τ /|A τ | ≈ 3%, ∆ℜeA τ /|A τ | ≈ 7% in the case tan β = 30. At first glance it might be surprising that the errors of the stau parameters are relatively small in case of large tan β, despite the fact that the assumed errors of the masses are larger for large tan β. The error of A τ even decreases. The reason for this is the large branching ratio forτ 2 → A 0τ 1 in the case tan β = 30 and the input parameters chosen (see Table 2 ), which gives a strong constraint on |A τ |. For the determination of A τ it is important that theτ 2 decays into neutral Higgs bosons are kinematically allowed, because their couplings to the staus are practically proportional to A τ tan β. Otherwise one would have to include the decays of the heavier Higgs bosons to get additional information on A τ from their decays into staus. This will be discussed in a forthcoming paper [35] . Additional information could also be obtained at a µ − µ + collider. In case of sizable CP violating phasesτ 1τ 1 pairs can be produced at the resonances of both heavier neutral Higgs states H 2,3 [19] whereas in case of CP conservationτ 1τ 1 pairs can only be produced at the H 0 resonance but not at the A 0 resonance [36] .
In the procedure described above we have determined the errors of the fundamental parameters assuming an integrated luminosity of 2 ab −1 , taking the expected experimental errors of the masses from the Monte Carlo studies in [6, 33] and rescaling them to our scenario. It is clear that further detailed Monte Carlo studies including experimental cuts and detector simulation are necessary to determine more accurately the expected experimental errors of the observables for our scenario, in particular the errors of the stau decay branching ratios. Such a study is, however, beyond the scope of this paper. Instead we have studied how our results for the errors of the fundamental parameters are changed when the experimental errors of the various observables are changed: we have redone the procedure doubling the errors of the masses and/or branching ratios and/or cross sections. Clearly we have found that the errors of all parameters are approximately doubled if all experimental errors are doubled. Moreover, in this way we can see to which observables an individual parameter is most sensitive. Concentrating on the stau sector we find that the precision of
is sensitive to the stau mass determination at the threshold as well as to the measurement of the total cross sections in the continuum. The accuracy of A τ is most sensitive to precise measurements of the branching ratios, especially to those for the decays into Higgs bosons. The precision of µ is more sensitive to the errors of chargino and neutralino masses than to the errors of the stau observables. In the case of large tan β, the precision of tan β depends significantly on the precision of the stau cross sections and to a lesser extent also on that of the stau decay branching ratios.
In our procedure we have also determined the expected errors of ℜeµ, ℑmµ, tan β, ℜeM 1 , ℑmM 1 , M 2 using also the information obtainable from mass measurements of charginos and neutralinos. As one can see in Table 3 , the results are quite satisfactory. Once these parameters together with the Higgs mass and mixing parameters are precisely determined in the chargino, neutralino and Higgs sectors, one can then include them as input values in the determination of the parameters of the stau sector. This will in turn improve the accuracy in the determination of ℜe(A τ ) and ℑm(A τ ). Note that this accuracy of the paramters at the weak scale allows also a rather precise determination of parameters at a high scale, e.g. the GUT scale, and hence the reconstruction of the parameters of an underlying theory at this high scale [37] .
Electric Dipole Moment of the τ -lepton
The MSSM with complex parameters implies also a possible electric dipole moment (EDM) of the τ -lepton, which is induced by chargino-sneutrino as well as stau-neutralino loops. For the calculation of the τ EDM we use the corresponding formulae given in [12] for the electron EDM by replacing m e by m τ . It turns out that the natural range for the τ EDM is O(10
ecm. This is demonstrated in Fig. 11 where we show the τ EDM d τ corresponding to some of the scenarios discussed above. This is about 5-6 orders of magnitude below the current experimental limit: |d exp τ | < 3.1 · 10 −16 ecm [38] .
The dominant contribution stems from the chargino loops as in case of electrons. However, for the τ EDM the neutralino loop is much more important than in case of the electron due to the fact that m τ ≫ m e . Its modulus can reach about 10% of the chargino-loop contributions as can be seen in Figs. 11b Table 3 : Extracted parameters from the "experimental data" of the masses, production cross sections and decay branching ratios ofτ i . The original parameter point is specified by: MẼ = 150 GeV, ML = 350 GeV, A τ = -800 i GeV, M 2 = 280 GeV, µ = 250 GeV and ϕ U(1) = 0.
-800 ± 70 -800 ± 21 ℜe(µ) [GeV] 249.9 ± 0.26 249.9 ± 0.6
29.9 ± 0.70
140.9 ± 0.21 140.6 ± 0.63
280 ± 0.29 280 ± 1.0 and f. The solid line shows the total τ EDM, the dashed line the chargino-loop contributions and the dotted line the neutralino-loop contributions. In the other plots of Fig. 11 the τ EDM is identical to the neutralino-loop contributions, because in these scenarios ϕ µ = 0 and hence the chargino-loop contribution vanishes.
Summary
In this paper we have presented a phenomenological study of τ -sleptonsτ i and τ -sneutrinosν τ in the Minimal Supersymmetric Standard Model with complex parameters A τ , µ and M 1 . We have taken into account explicit CP violation in the Higgs sector induced byt i andb i loops with complex µ and complex trilinear coupling parameters A t and A b . We have analysed production and decays of theτ i andν τ at a future e + e − linear collider. We have presented numerical predictions for the fermionic and bosonic decays ofτ 1 ,τ 2 andν τ . We have analyzed their SUSY parameter dependence, paying particular attention to their dependence on the phases ϕ Aτ , ϕ µ and ϕ U(1) . For tan β < ∼ 10 the phase dependence of the branching ratios of the fermionic decays ofτ 1 andν τ is significant whereas it becomes less pronounced for tan β > 10. The branching ratios of theτ 2 decays into Higgs bosons depend very sensitively on the phases if tan β > ∼ 10. Quite generally one can say that the decay pattern of theτ i andν τ becomes even more involved if the parameters A τ , µ and M 1 are complex and if mixing of the CP -even and CP -odd Higgs bosons is taken into account.
We have also given an estimate of the expected accuracy in the determination of the MSSM parameters of theτ i sector by measurements of the masses, branching ratios and cross sections. We have considered the cases tan β = 3 and tan β = 30. We have found that on favorable conditions the accuracy of the parameter A τ can be expected to be of the order of 10% and that of the remaining stau parameters in the range of approximately 1% to 3%, assuming an integrated luminosity of 2 ab −1 . In addition we have considered the electric dipole moment of the τ -lepton induced by the complex parameters in the stau sector as well as the chargino and neutralino sectors. We find that it is well below the current experimental limit.
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A Chargino Masses and Mixing
The chargino mass matrix in the weak basis is given by [1, 21] 
M 2 is the SU (2) gaugino mass parameter. c β and s β are shorthand notations for cos β and sin β, respectively. This complex 2 × 2 matrix is diagonalized by the unitary 2 × 2 matrices U and V :
The unitary matrices U and V can be parameterized in the following way:
tan
where −π/2 ≤ θ 1,2 ≤ 0. The mass eigenvalues squared are
B Neutralino Masses and Mixing
The neutralino mass matrix in the weak basis (B,
) is given as [1, 21] :
where M 1 is U (1) gaugino mass parameter, with ϕ U(1) being the phase of M 1 ; c W and s W are shorthand notations for cos Θ W and sin Θ W , respectively. This symmetric complex mass matrix is diagonalized by the unitary 4 × 4 matrix N : 
